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Abstract 

Introduction: The aim of this study was to investigate the effects of 131 1 gelatin microspheres ( 131 I-GMS) on human 
breast cancer cells (MCF-7) in nude mice and the biodistribution of l31 l-GMSs following intratumoral injections. 

Methods: A total of 20 tumor-bearing mice were divided into a treatment group and control group and received 
intratumoral injections of 2.5 mci 131 l-GMSs and nonradioactive GMSs, respectively. Tumor size was measured once 
per week. Another 16 mice received intratumoral injections of 0.4 mci 131 l-GMSs and were subjected to single 
photon emission computed tomography (SPECT) scans and tissue radioactivity concentration measurements on day 
1, 4, 8 and 16 postinjection. The 20 tumor-bearing mice received intratumoral injections of 0.4 mci [ 131 l] sodium 
iodide solution and were subjected to SPECT scans and intratumoral radioactivity measurements at 1, 6, 24, 48 and 
72 h postinjection. The tumors were collected for histological examination. 

Results: The average tumor volume in the 131 l-GMSs group on post-treatment day 21 decreased to 86.82 ±63.6%, 
while it increased to 893.37 ± 158.12% in the control group (P<0.01 vs. the 131 l-GMSs group). l31 l-GMSs provided 
much higher intratumoral retention of radioactivity, resulting in 1 9.93 ± 5.24% of the injected radioactivity after 
16 days, whereas the control group retained only 1.83 ±0.46% of the injected radioactivity within the tumors at 1 h 
postinjection. 

Conclusions: 131 l-GMSs suppressed the growth of MCF-7 in nude mice and provided sustained intratumoral 
radioactivity retention. The results suggest the potential of 131 l-GMSs for clinical applications in radiotherapy 
for breast cancer. 
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Introduction 

Selective internal radiotherapy (SIRT), using radioactive 
microspheres or particles, is a rapidly developing tech- 
nology in the field of minimally invasive interventional 
cancer therapy. The major advantage of internal radiation 
over external radiation is that, by directly delivering radio- 
pharmaceuticals into tumor tissue, internal radiation can 
maximize the antineoplastic effects on tumor tissue, while 
preventing normal tissues from radiation damage [1]. 
In addition, tumor cells can be continuously exposed 
throughout the cell cycle to the radiation of radionuclides 
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carried by the microspheres or particles. In recent years, 
radiolabeled microspheres and particles have been used 
in clinical settings or animal studies, including 90 Y glass 
or resin microspheres [2,3], 32 P glass microspheres or 
colloids [4,5], 166 Ho-loaded glass microparticles [6], 
186/188 Re glass microspheres [7] and various biodegradable 
microspheres, such as 166 Ho poly(L-lactic acid) micro- 
spheres (PLLA-MS) [8], and these microspheres and parti- 
cles showed excellent anti-tumoral effects and a good 
level of safety after intraarterial or intratumoral injec- 
tions. There are two forms of commercially available 
90 Y microspheres — TheraSphere® and SIR-Spheres® — 
which were approved by the FDA, respectively, in 2000 
for use in radiation treatment for inoperable hepatocellu- 
lar carcinoma and in 2002 for the treatment of colorectal 
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cancer metastasized to the liver [9]. Studies have shown 
that intraarterial infusion of 90 Y microspheres is an effect- 
ive and safe alternative for treating patients with inoper- 
able hepatocellular carcinoma and metastatic liver cancer 
originating from colorectal carcinoma, breast cancer and 
endocrine system cancers [2,3,10-13]. In addition to radio- 
embolization, direct intratumoral injection of radiolabeled 
microspheres or particles is also an effective and safe 
method for treating malignancies [5,14], and this treatment 
is especially suitable for treating solid tumors characterized 
by hypo-vasculature [15] or for which intraarterial inter- 
ventional therapy is infeasible, such as breast cancer and 
prostate cancer. As we know, radioembolization is defined 
as the injection of radiolabeled microspheres or particles 
by use of percutaneous superselective catheterization of 
the tumor vasculature, so it is a very challenging work 
and it may result in severe adverse effect once the non- 
target vessels are embolized. Up to now, percutaneous 
radioembolization is only used in the internal radio- 
therapy of liver malignant tumors, and it is infeasible 
in the treatment of many other tumors, such as breast 
cancer and prostate cancer, in which image-guided super- 
selective catheterization of the tumor vessels almost 
cant implement. 

The radioactive microspheres consist of two parts: a 
radionuclide and carrier. Although the application of 90 Y 
microspheres in radiotherapy for malignancies has 
already obtained considerable success, its drawbacks are 
also obvious. For example, as 90 Y is a pure beta emitter 
and does not produce gamma rays, the biodistribution 
of 90 Y microspheres cannot be directly determined by 
SPECT scans [16]. In addition, the high density of glass 
increases the likelihood of premature intravascular set- 
tling and falling back into the gastrointestinal tract, thus 
resulting in radiation-related gastrointestinal side effects 
[17,18], and the non-biodegradability of glass or resin 
could hamper the repeated administration of micro- 
spheres. Therefore, biodegradable microspheres labeled 
with radioisotopes that simultaneously yield pemissions 
and y rays have attracted increasing attention in recent 
years. In fact, some biodegradable microspheres have 
been successfully developed, such as poly (L-lactic acid) 
microspheres loaded with 166 Ho or 186/188 Re, which 
showed high degrees of in vitro and in vivo stability and 
good safety profiles [8,19,20]. 

We have been studying radioiodine-labeled gelatin mi- 
crospheres in recent years. [ 131 I] Sodium iodide (Na 131 I) 
oral solution is readily obtained, as it is routinely used 
for the treatment of hyperthyroidism and differentiated 
thyroid carcinoma. The major advantage of 131 I over 
other radionuclides is that dissociative iodine mainly 
accumulates in the thyroid or is directly excreted via the 
kidneys [21-24] and rarely remains in other tissues, so 
oral administration of a single dose of more than 100 



mci Na I solution is relatively safe for patients with 
differentiated thyroid carcinoma or thyrotoxicosis, and 
the radiation dose to the family members of patients 
treated with up to 600 MBq of radioiodine is well below 
the recommended dose constraints if safety instructions 
are complied with well [25,26]. Gelatin microspheres are 
a type of derivative of collagen with a good level of bio- 
compatibility, and they can be labeled with a high con- 
centration of radioiodine. In our previous studies, we 
injected 131 I labeled gelatin microspheres and 131 I, 125 I 
dual-labeled gelatin microspheres into the liver paren- 
chyma of rabbits, and we found that the injected micro- 
spheres mainly accumulated around the injection site, 
and the small amount of de-labeled radioiodine did not 
cause severe damage to other tissues [27,28]. In the 
present study, we evaluated use of 131 I-GMSs as an ef- 
fective radiopharmaceutical for the treatment of trans- 
planted human breast cancer (MCF-7) in nude mice 
following intratumoral injections. 

Materials and methods 

Preparation of GMSs 

The preparation of 131 I-GMSs have been previously de- 
scribed in detail [27]. In brief, 6 mL of gelatin solution 
(15 wt%) was dropwise added to 40 mL of liquid paraffin 
(Kelong Chemical Reagent Co. Ltd., Chengdu, China) with 
0.4 mL of Span 80 (Shenyu Chemical Reagent Co. Ltd., 
Chongqing, China), and stirred at 600 rpm in a 50°C water 
bath, after 20 min minutes later, the solutions were rapidly 
cooled to 4°C with continuous stirring. Then cross-bonding 
was performed by adding 2 mL of 25% glutaraldehyde 
(25%, Kermel Chemical Reagent Co. Ltd., Tianjin, China) 
with stirring for 30 minutes. Solid gelatin microspheres 
were collected after rinsed in acetone (Changlian Chemical 
Reagent Industries, Ltd., Chengdu, China) and sieved the 
microspheres of size 30 to 50 microns with a stainless 
steel sieve. Then we labeled 131 I by a modification of the 
chloramine-T method. Briefly, 50 mg of gelatin micro- 
spheres was added into 190 \iL of phosphate-buffered sa- 
line (pH 7.0) for swelling in test tubes. 10 min later, 20 \iL 
of 131 I-sodium-iodine solution (37 GBq/mL) and 200 \iL 
of chloramine-T solution (Bodi Chemical Reagent Co. 
Ltd., Tianjin, China) (20 mg/mL) were added. After mix- 
ing for 30 min with a vortex at room temperature, 200 \xL 
of sodium pyrosulfite solution (Jiangbei Chemical Reagent 
Industries, Ltd., Wuhan, China) (15 mg/mL) was added to 
stop the reaction. Then the mixtures was centrifuged at 
1000 r/min for 4 min to separate the 131 I- gelatin micro- 
spheres. Finally, the products were washed seven times 
with normal saline and sterilized by 60 Co irradiation. 

Human breast cancer xenografts in nude mice 

This study was approved by the animal ethics committee 
of Sichuan University. Nude mice 4-5 weeks age (BABL/c) 
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were provided by the experimental animal center of 
Sichuan University. The nude mice, 4-5 animals per 
cage, were housed in pathogen-free conditions, with 
sterile water and granular food at libitum. The air hu- 
midity and temperature were maintained at 50%-70% 
and 20-29°C, respectively. Human breast cancer cell 
line MCF-7 was purchased from China Center for Type 
Culture Collection (CCTCC, Wuhan, China), and the 
cells were cultured in RPMI-1640 medium supplemented 
with 10% fetal calf serum (Thermo-Fisher Biochemical 
Products [Beijing] Co., Ltd., Beijing, China) and were in- 
cubated at 37°C in a 5% C0 2 incubator. After growing ex- 
ponentially for 1 week, the MCF-7 cells were harvested by 
trypsinization and were washed with normal saline, and 
approximately 1 x 10 7 MCF-7 cells were then suspended 
in 0.1 mL of normal saline and injected into the mammary 
fat pads of each female nude mouse. 

Tumor volume and body weight measurements 

A total of 20 tumor-bearing nude mice were randomly 
divided into 2 groups and were used to evaluate the effi- 
cacy of treatment. When the tumors reached approxi- 
mately 1.0 cm -1.5 cm in diameter, microspheres were 
suspended in 0.1 mL of glucose solution (25%) and were 
slowly injected into the centers of the tumors using a 
1 mL syringe and a 27G needle. The treatment group 
(n = 10) and the control group (n = 10) were treated with 
2.5 mci (92.5 MBq) 131 I microspheres and the same 
amount of nonradioactive microspheres, respectively. The 
preparation of 131 I-GMSs has been previously described 
in detail [27]. 

The animals were monitored for the treatment s effects 
on tumor size and body weight for 7 weeks or until the 
animals reached the maximum allowable tumor burden. 
The tumor size was measured with Vernier calipers in 
two dimensions, and tumor volume was calculated as 
v =l/2ab 2 , where a and b are the largest and smallest 
diameters of the tumor, respectively, and v is the tumor 
volume in cubic centimeters. The therapeutic effects of 
131 I-GMSs were evaluated by comparing the tumor volume 
of the treatment group with that of the control group. 
In addition, the body weights of the animals were also 
measured to evaluate the radiation toxicity. 

Tissue radioactivity concentration measurements and 
image acquisition 

Twenty nude mice were injected with 0.4 mci (14.8 MBq) 
131 I-GMSs and were used to determine the tissue biodis- 
tribution of 131 I on days 1, 4, 8 and 16 after 131 I-GMSs 
injections (4 animals for each time point). Under 
anesthesia by intraperitoneal injection of 0.1 ml chloral 
hydrate (West China Hospital), a single photon emission 
computed tomography (SPECT) scan was obtained, and 
SPECT-CT images were acquired using a gamma camera 



(Skylight SPECT camera, Philips Co., Ltd., Amsterdam, 
the Netherlands) in the Nuclear Medicine Department of 
West China Hospital. Then, the animals were sacrificed 
by cervical dislocation, and samples of the liver, lung, 
spleen, kidney, muscle, bone, thyroid gland and whole 
tumor were excised and weighed carefully. Radioactivity 
was measured by a y counter (No. 262 Industry, Ltd., 
Xian, China). In addition, 1 ml of blood was collected 
from the orbital vein and was used for y counting. 
The intratumoral retention of injected radioactivity 
was expressed as a percentage of the injected dose in 
the whole tumor; radioactivity concentrations in other 
organs and in serum were expressed as percentages 
of the injected dose per gram (% ID/g) and per milliliter, 
respectively. 

To evaluate the role of 131 I-GMSs in the intratumoral 
retention of radioactivity, another 20 tumor-bearing 
nude mice were used as a control group. After intratu- 
moral injection of 0.4 mci [ 131 I] sodium iodide oral solu- 
tion (Na 131 I),SPECT-CT images were acquired, and the 
intratumoral radioactivity levels were measured at 1, 4, 
24, 48 and 72 h postinjection (4 animals for each time 
point). 

Histological findings 

Tumor samples were fixed by immersion in 10% forma- 
lin solution for 48 h, embedded in paraffin, sectioned 
and stained with hematoxylin and eosin (HE) for histo- 
logical examination. The tumor samples at 28 days and 
35 days after injection were also examined. 

Data analysis 

The results of the tumor volumes are expressed as the 
means ± SDs and were analyzed by one-way ANOVA 
using SPSS software, version 19.0, and the level of sig- 
nificance was set at a P value < 0.05. 

Results 

Scanning electron microscopic images of 131 l-GMSs 

Figure 1 shows the scanning electron microscopic im- 
ages of 131 I-GMSs. The microspheres were washed with 
normal saline 7 times after labeling to minimize physical 
absorption, and the final labeling rate of 131 I was 57.5 ± 
2.62%. The microspheres were uniform in shape, with a 
diameter of 30-50 um and good divergence. 

Tumor volumes in the 131 l-GMSs treatment group and 
control group 

Figure 2 shows the changes in tumor volumes in the 
131 I-GMSs treatment group and the control group. On 
the day of microsphere injection, the average tumor vol- 
umes in the 131 I-GMSs treatment group and the control 
group were 0.87 ± 0.39 cm 3 and 0.79 ± 0.06 cm 3 , respect- 
ively, and the difference was not significant (P>0.05). 
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Figure 1 Scanning electron microscopic images of 
gelatin microspheres. 



On day 21 postinjection, the average tumor volume of 
the treatment group decreased to 0.63 ± 0.39 cm 3 , which 
was 86.82 ± 63.6% of the initial volume (P < 0.01 com- 
pared to the control group), whereas the average tumor 
volume in the control group increased to 7.03 ± 0.95 cm 3 , 
which was 893.37 ± 158.12% of the pre-treatment volume. 
The rates of tumor growth in the 131 I-GMSs treatment 




control group 
■■—treatment group 

# :P < 0.01 



Weeks after injection 

Figure 2 Tumor volumetric assessment of the effect of 
131 l-GMSs on MCF-7 xenografts in nude mice. The points 
represent means, and the bars represent standard errors. 
Comparisons between control and 131 l-GMSs group were 
analyzed by one way ANOVA, and a P value < 0.05 is regarded 
as significance. It is obvious that intratumoral injection of 2.5 
mci 131 l-GMSs significantly suppressed the growth of tumors 
compared with control group, #: P <0.01. 



group and the control group over this period were -0.01 ± 
0.02 cm 3 /d and 0.30 ± 0.05 cm 3 /d, respectively. It is obvi- 
ous that intratumoral injection of 2.5 mci 131 I-GMSs sta- 
tistically significantly suppressed the growth of tumors 
compared with the control group. At the end of the 7 th 
week (the endpoint of the study), the average tumor vol- 
ume of the treatment group was 1.27 ± 0.55 cm 3 , which 
was 186.2 ± 55.2% of their initial volume. The control 
group animals were sacrificed on day 21 because of exces- 
sive tumor burden. 

Biodistribution of 131 1 

The radioactive concentrations after injection of 131 I- 
GMSs are summarized in Table 1. The radioactivity in 
the tumors was much higher than in any other tissue. 
The highest radioactivity concentration outside the tu- 
mors was found in the lung, which had 2.67% of the 
injected radioactivity on the 1 st day and 1.89% on the 4 th 
day, but this level rapidly decreased to 0.34% by the 8 th 
day. The radioactivity concentrations in other tissues, 
such as the kidney, liver, spleen, bone, muscle, serum, and 
even thyroid gland, were quite low throughout the obser- 
vation period. The intratumoral retention of injected 
radioactivity (% ID) after injection of 131 I-GMSs was 
43.29 ±5.27%, 29.28 ± 3.72%, 24.71 ± 7.28% and 19.93 ± 
5.24% at 1, 4, 8 and 16 days, respectively, whereas the 
intratumoral retention of injected radioactivity (% ID) after 
injection of Na 131 I solution was only 1.83 ± 0.46%, 0.60 ± 
0.29%, 0.45 ± 0.07%,0.14 ± 0.02% and 0.06 ± 0.01% at 1, 6, 
24, 48 and 72 h after injection, respectively (Table 2). 

SPECT-CT fusion images 

A SPECT scan was obtained on day 1, 4, 8 and 16 for 
the 131 I-GMSs group and at 1, 6, 24, 48 and 72 h for the 
Na 131 I solution group, respectively. SPECT imaging 
showed that the radioisotopes were concentrated in the 
tumor for the whole observation period, and no accu- 
mulation of nuclides was noted in the other tissues, 
including the thyroid gland and the urinary system 
(Figure 3A-D). However, SPECT imaging showed dif- 
fused biodistribution of the injected radioactivity through- 
out the whole body 1 h after intratumoral injection of 
Na 131 I solution (Figure 4A), followed by gradual accumu- 
lation of 131 I in the thyroid area and decreases in radio- 
activity in other tissues (Figure 4B,C). At 48 h after 
injection, the radioactivity was mainly concentrated in 
thyroid area, and no radioactivity was noted in any other 
tissue (Figure 4D,E). The intratumoral radioactivity was 
quite low throughout the observation period in this group 
(Figure 4A-E). 

Pathological findings 

Pathological examination showed that the injected mi- 
crospheres concentrated around the injection site, with 
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Table 1 Biodistribution after intratumoral injections of 131 l-GMSs (%, mean ±SD) 



Time 


Liver 


Thyroid 


Lung 


Kidney 


Spleen 


Bone 


Muscle 


Serum 


Tumor 


1 d 


0.09 ± 0.03 


0.33 ± 0.20 


2.67 ± 0.42 


0.57 ±0.34 


0.1 ±0.04 


0.51 ±0.10 


0.1 2 ±0.07 


0.1 6 ±0.06 


43.29 ±5.27 


4d 


0.07 ± 0.02 


0.1 2 ±0.05 


1 .89 ± 0.58 


0.69 ± 0.30 


0.04 ±0.01 


0.05 ± 0.02 


0.02 ±0.01 


0.09 ±0.01 


29.28 ±3.32 


8d 


0.01 ±0.00 


0.02 ±0.01 


0.34 ± 0.25 


0.05 ± 0.03 


0.06 ±0.01 


0.11 ±0.03 


0.02 ±0.01 


0.04 ±0.01 


24.71 ±7.28 


16 d 


< 0.01 


0.02 ± 0.00 


0.10 ±0.06 


0.02 ±0.01 


0.01 ±0.00 


0.09 ±0.01 


0.02 ±0.01 


0.05 ±0.01 


19.93 ±5.24 



The biodistribution of radioactivity after intratumoral injections of 131 l-GMSs. The intratumoral retention of injected radioactivity into the tumors was expressed as 
the percentage of the injected dose in the whole tumor; tissue concentrations of other organs were expressed as the percentage of the injected dose per gram 
(% ID)/g, and the radioactivity in the serum was expressed as the percentage of the injected dose per milliliter. 



intact spheric shape at 1 day (Figure 5A). The micro- 
spheres were degraded gradually after injection (Figure 5A, 
B,C,D,E and F). At 35 days after injection, microspheres 
degraded to irregular shape, with some parts of mi- 
crospheres missing. However, some microspheres still 
retained their complete morphology (Figure 5D). In treat- 
ment group, there were no visible microspheres at 49 days 
after injection of 131 I-GMSs (Figure 5F). 

Body weight 

The 131 I-GMSs group showed mild body weight loss 
of 12.16 ± 10.1% from postinjection to day 21, but they 
gradually gained weight thereafter (Figure 6). 

Discussion 

Breast cancer is the second most common non-skin can- 
cer in women worldwide, with an incidence of 10.4%, 
and it has the highest incidence among all cancer types 
in women in the USA, with one in every 8-10 women 
being affected during her lifetime [29]. Prospective trials 
have clearly demonstrated the efficacy of breast conser- 
vation therapy (BCT) for early breast cancer, showing 
that it offers equivalent local control and long-term sur- 
vival compared with mastectomy [30-33]. As an indis- 
pensable part of BCT, radiation therapy has a significant 
role in the treatment of breast cancer [34,35]. However, 
the rationality of conventional whole breast irradiation 
(WBI) has gradually been questioned. On the one hand, 
local recurrence tends to occurs at, or in proximity to, 
the tumor bed, and other sites of ipsilateral breast recur- 
rence occur rarely, in 3%-4% of all cases [36]; on the 
other hand, radiation therapy limited to the region of 
the tumor bed (APBI) produced long-term local control 
and survival rates comparable to those from WBI in 



selected low-risk patients [37]. Accelerated partial breast 
irradiation (APBI) is an approach that treats only the 
tumor bed plus a 1- to 2 -cm margin, rather than the 
whole breast, thus irradiating a smaller volume, giving a 
higher radiation dose per fraction to the tumor bed. This 
process shortens the treatment time significantly [38] . 

Interstitial breast brachytherapy is an APBI technique 
that has been practiced for more than 20 years and that 
has the most extensive follow-up [39]. Many prospective 
studies have reported low local recurrence with brachy- 
therapy at 5 and 10 years, comparable to WBI [37,40-42]. 
For example, Polgar et al. reported their experience with 
APBI, providing the longest follow-up in the literature for 
the HDR multi-catheter techniques, and the 5- and 12- 
year local recurrence rates were only 4.4% and 9.3%, re- 
spectively [42]. However, the implementation of catheter 
insertion in multi-catheter interstitial brachytherapy re- 
quires a high level of skill on the part of the operator and 
the support of sophisticated imaging techniques. In con- 
trast, direct interstitial injection of radiopharmaceuticals is 
relatively easy to implement. As 131 I gelatin microspheres 
are a biodegradable material and can be injected repeat- 
edly, they could have potential clinical value in treating 
the tumor bed after breast conservation surgery. There- 
fore, in this study, we evaluated the effectiveness of 
131 I-GMSs in MCF-7 tumors after direct injection into 
these tumors in nude mice. Additionally, we studied the 
biodistribution of dissociative 131 I following the degrad- 
ation of the microspheres. 

Long-term intratumoral retention of radiation sources 
is essential for effective brachytherapy of malignancies, 
as it maximizes the antineoplastic effects on tumor tis- 
sue for longer periods. In the present study, the diameter 
of the injected microspheres (30-50 \xm) (Figure 1) was 



Table 2 The comparisons of the intratumoral retention of radioactivity (%, mean ± SD) 



131 l-GMSs 


Id 


4d 


8d 


16d 






43.29 ±5.27 


29.28 ± 3.72 


24.71 ±7.28 


19.93 ±5.24 




Na 131 1 solution 


1 h 


6 h 


24 h 


48 h 


72 h 




1 .83 ± 0.46 


0.60 ± 0.29 


0.45 ± 0.07 


0.1 4 ±0.02 


0.06 ±0.01 



The comparison of the intratumoral retention of radioactivity after intratumoral injections of 131 l-GMSs and Na 131 l solution. 131 l-GMSs provided sustained 
intratumoral retention of injected radioactivity, maintaining 19.93 ± 5.24% of the injected radioactivity within the tumors after 16 days. In contrast, radioactivity 
was cleared rapidly from the tumors after injection of Na 131 l solution. By 1 h, the Na 131 l solution-treated group retained only 1.83 ±0.46% of the injected 
radioactivity within the tumors. 
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A 



B 



D 



Figure 3 The results of SPECT imaging at 1 (A), 4 (B), 8 (C) and 16 days (D) after intratumoral administration of 131 l-GMSs. The injected 
radioactivity concentrated in the tumors, and no accumulation of radioiodine was noted by SPECT scan in other tissues. 



significantly larger than the endothelial gap of vascula- 
ture in tumor tissue, which effectively prevented escap- 
ing of the microspheres from the tumors. Our research 
showed that 131 I-GMSs provided sustained intratumoral 
radioactivity retention. The intratumoral radioactivity level 
in the 131 I-GMSs group was 19.93 ± 5.24% of the injected 
dose on day 16 postinjection but only 1.83 ± 0.46% in 
the control group at 1 h after injection (Table 2). This 
sustained intratumoral retention of radioactivity after 
intratumoral injection of 2.5 mci 131 I-GMSs resulted in 
a significantly slower tumor growth rate. On day 21, the 



average tumor volume in the control group was 893.37 ± 
158.12% of the pre-treatment volume, whereas the tumor 
volume in the treatment group was only 186.2 ± 55.2% of 
that before injection at the end of 7 th week (Figure 2). 

The safety profile of internal radiotherapy is largely 
dependent of the in vivo biodistribution of the radio- 
activity. As the most straightforward method of bringing 
radionuclides into tumors, direct intratumoral injection 
of radiopharmaceuticals can maximize radiation damage 
to the tumor tissue, while sparing toxicity to the critical 
structures that might be nearby or superficial to the 



A 



D 



Figure 4 The results of SPECT imaging at 1 (A), 6 (B), 24 (C), 48 (D) and 72 h (E) after the administration of [ 131 l] sodium iodide 
oral solution. 
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Figure 5 Pathological examination at 1 (A), 16 (B), 28(C) and 35(D) days after the injection of 0.4 mci 131 1 gelatin microspheres, at 
21 days after administration of unlabeled microspheres (E) and at 49 days after administration of 2.5 mci 131 l-GMSs (F). (HE stain; 
original magnification, x100 in A, B, D and F; x200 in C and x 400 in E). 
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Figure 6 The average body weight in 131 l-GMSs group. 
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target area [43]. In our study, the intratumoral radio- 
activity level was significantly higher than that in any 
other tissue throughout the study (Table 1). The lung 
was the only tissue, other than the tumor, that showed 
relatively high radioactivity concentrations, which were 
2.67 ± 0.42% and 1.89 ± 0.58% of the injected dose per 
gram (% ID/g) at 1 day and 4 days postinjection, respect- 
ively, but this level decreased rapidly to 0.34 ±0.25% at 
8 days postinjection. 

As gelatin microspheres are a type of biodegradable 
carrier of radionuclides, the biodistribution of de-labeled 
131 I should be evaluated dynamically, along with the deg- 
radation of the microspheres. The biodistribution study 
showed that the concentrations of radioactivity in the 
liver, spleen, kidney, bone, muscle, and even thyroid gland 
were quite low throughout the entire observation period 
(Table 2), suggesting that gradual degradation did not 
cause abundant de-labeling of 131 I from the microspheres. 
In recent years, studies have shown the potential of gelatin 
microspheres used as carriers of drugs or cytokines. The 
degradation period of gelatin in vivo can be controlled by 
changing its degree of cross-linking [44,45], thus enabling 
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the sustained and controlled release of drugs and cyto- 
kines [46-48] . When gelatin microspheres are used as car- 
riers of radionuclides in brachytherapy for malignancies, it 
is worth noting that the degradation period should be reg- 
ulated according to the half-lives of the radionuclides, thus 
preventing release of the radionuclides in large quantities 
from the microspheres due to premature degradation of 
the microspheres. 

131 I simultaneously yields y-rays (1%, 0364 Mev) and |3- 
emissions (99%, 0.606 Mev). Although the low-energy y- 
rays are almost negligible for the treatment of tumors, they 
might be useful in determining the biodistribution of mi- 
crospheres. Studies have demonstrated the potential of 
166 Ho-PLLA-MS, another yray emitter, for predicting the 
biodistribution of the same microspheres. The distribution 
of scout doses and treatment doses of 166 Ho-PLLA-MS 
were nearly identical, suggesting that a scout dose of 166 Ho- 
PLLA-MS pretreatment could be used to predict the bio- 
distribution of a treatment dose [49]. It is expected that if 
used in the radioembolization of liver malignancies, an 
intraarterial injection of a small dose of 131 I-GMSs pretreat- 
ment could also be used to predict the biodistribution of a 
treatment dose of 131 I-GMSs, which would be helpful in 
recognizing patients contraindicated for radio-embolization 
due to elevated lung shunting fractions [50]. 

The antitumoral effect and the process of the degrad- 
ation of the 131 I microspheres were confirmed by a 
histological examination. At 21 days postinjection in the 
group received non-radioactive microspheres, the tu- 
mors showed hyper-cellular neoplastic cells, with signifi- 
cant increased nuclear-cytoplasmic ratio, and no signs of 
necrosis were observed (Figure 5E). 7 weeks after injec- 
tion of 131 I-GMSs in treatment group, the tumor tissue 
showed large area of necrosis, with only very small 
amounts of residual tumor cells (Figure 5F). At 35 days 
after injection, there were still large number of micro- 
spheres within the tumors (Figure 5D). In our previous 
studies, the microspheres which were injected into the 
parenchyma of liver of rabbits could still be observed by 
histological method even 32 days( 4 half-lives) after in- 
jection [27,28]. Perhaps much more effort is needed to 
retard the degradation of the microspheres, thus minim- 
izing the de-labeling of radioiodine. 

In conclusion, our research shows that intratumoral 
injection of 131 I labeled gelatin microspheres significantly 
suppressed tumor growth in a nude mouse model of 
human breast cancer. The injected radioactivity mainly 
accumulated within the tumors, and along with the deg- 
radation of 131 I-GMSs, the radioactivity concentration in 
all other tissues was quite low throughout the study. Al- 
though a lot more work remains to be done, these results 
suggest the potential clinical value of intratumoral injec- 
tions of 131 I-GMSs in the treatment of tumor beds after 
breast conservation surgery. 



Abbreviations 

GMSs: Gelatin microspheres; SIRT: Selective internal radiotherapy; 
SPECT: Single photon emission computed tomography; CT: Computed 
tomography. 

Competing interest 

The authors declare that they have no competing interests. 
Authors' contributions 

CXL, LL, XCQ and CJL designed the research; LCC, CJL, and UH performed 
the research; LCC, CJL and CXL analyzed the data and wrote the paper. 
LCC and CJL are the co-first author. All authors read and approved the final 
manuscript. 

Financial support 

This research was supported by the Natural Science Pillar Program of 
Sichuan Province, China, No.2013JY0009. 

Author details 

department of General Surgery, West China Hospital of Sichuan University, 
Chengdu (610041), China, department of Thyroid and Breast Surgery, West 
China Hospital of Sichuan University, Chengdu (610041), China, department 
of Nuclear Medicine and The National Key Discipline of Medical Imaging and 
Nuclear Medicine, West China Hospital of Sichuan University, Chengdu 
(610041), China. 4 College of Chemistry, Sichuan University, Chengdu 
(610041), China, department of Nuclear Medicine and The National Key 
Discipline of Medical Imaging and Nuclear Medicine, West China Hospital of 
Sichuan University, Chengdu (610041), China. Regeneration Medicine 
Research Center, West China Hospital of Sichuan University, Chengdu 
(610041), China. 

Received: 8 January 2014 Accepted: 4 June 2014 
Published: 23 June 2014 

References 

1. Zweit J: Radionuclides and carrier molecules for therapy. Phys Med Biol 
1996,41(10):1905-1914. 

2. Ibrahim SM, Lewandowski RJ, Sato KT, Gates VL, Kulik L, Mulcahy MF, Ryu 
RK, Omary RA, Salem R: Radioembolization for the treatment of 
unresectable hepatocellular carcinoma: a clinical review. World J 
Gastroenterol 2008, 14(1 1):1 664-1 669. 

3. Salem R, Thurston KG: Radioembolization with yttrium-90 microspheres: 
a state-of-the-art brachytherapy treatment for primary and secondary 
liver malignancies: part 3: comprehensive literature review and future 
direction. J Vase Interv Radiol 2006, 1 7(1 0):1 571 -1593. 

4. Liang L, Huang J, Yin X, Lu M, Rao G, Ren Z: Hepatic arterial infusion of 
32P-radionuclide microspheres for radiation therapy of hepatocellular 
carcinoma. [Article in Chinese]. Zhonghua Wai Ke Za Zhi 1999, 
37(12)743-746. 

5. Gao W, Liu L, Teng GJ, Feng GS, Tong GS, Gao NR: Internal radiotherapy 
using 32P colloid or microsphere for refractory solid tumors. Ann Nucl 
Med 2008, 22(8):653-660. 

6. Brown RF, Lindesmith LC, Day DE: 166 Holmium-containing glass for 
internal radiotherapy of tumors. Int J Rad Appl Instrum B 1991, 
18(7):783-790. 

7. Hafeli UO, Roberts WK, Pauer GJ, Kraeft SK, Macklis RM: Stability of 
biodegradable radioactive rhenium (Re-186 and Re-188) Microspheres 
after neutron activation. Appl Radiat Isot 2001, 54(6):869-879. 

8. Nijsen F, Rook D, Brandt C, Meijer R, Dullens H, Zonnenberg B: 
Targeting of liver tumor in rats by selective delivery of holmium-166 
loaded microspheres: a biodistribution study. Eur J Nucl Med 2001, 
28(6):743-749. 

9. Murthy R, Nunez R, Szklaruk J, Erwin W, Madoff DC, Gupta S: Yttrium-90 
microsphere therapy for hepatic malignancy: devices, indications, 
technical considerations, and potential complications. Radiographics 2005, 
25(Suppl 1)541-55. 

10. Kulik LM, Carr Bl, Mulcahy MF, Lewandowski RJ, Atassi B, Ryu RK, Sato KT, 
Benson A 3rd, Nemcek AA Jr, Gates VL, Abecassis M, Omary RA, Salem R: 
Safety and efficacy of 90Y radiotherapy for hepatocellular carcinoma 
with and without portal vein thrombosis. Hepatology 2008, 47:71-81. 



Li et a I. Radiation Oncology 2014, 9:144 
http://www.ro-journal.eom/content/9/1 /1 44 



Page 9 of 9 



11. Mulcahy MF, Lewandowski RJ, Ibrahim SM, Sato KT, Ryu RK, Atassi B: 
Radioembolization of colorectal hepatic metastases using yttrium-90 
microspheres. Cancer 2009, 1 15(9):1 849-1 858. 

12. Coldwell DM, Kennedy AS, Nutting CW: Use of yttrium-90 microspheres in 
the treatment of unresectable hepatic metastases from breast cancer. 
Int J Radial Oncol Biol Phys 2007, 69(3):800-804. 

13. Kennedy AS, Dezarn WA, McNeillie P, Coldwell D, Nutting C, Carter D: 
Radio-embolization for unresectable neuroendocrine hepatic metastases 
using resin 90Y-microspheres: early results in 148 patients. Am J Clin 
Oncol 2008, 31 (3):271-279. 

14. Tian JH, Xu BX, Zhang JM, Dong BW, Liang P, Wang XD: Ultrasound-guided 
internal radiotherapy using yttrium-90-glass microspheres for liver 
malignancies. J Nucl Med 1996, 37(6):958-963. 

15. Less JR, Skalak TC, Sevick EM, Jain RK: Microvascular architecture in a 
mammary carcinoma: branching patterns and vessel dimensions. 
Cancer Res 1991, 51(1):265-273. 

16. Shen S, DeNardo GL, Yuan A, DeNardo DA, DeNardo SJ: Planar gamma 
camera imaging and quantitation of Yttrium-90 bremsstrahlung. J Nucl 
Med 1994, 35(8):1 381 -1389. 

17. Murthy R, Brown DB, Salem R, Meranze SG, Coldwell DM, Krishnan S: 
Gastrointestinal complications associated with hepatic arterial Yttrium-90 
microsphere therapy. J Vase Interv Radiol 2007, 18(4):553-561. 

18. Carretero C, Munoz-Navas M, Betes M, Angos R, Subtil JC, Fernandez-Urien I: 
Gastroduodenal injury after radioembolization of hepatic tumors. Am J 
Gastroenterol 2007, 1 02(6):1 21 6-1 220. 

19. Mumper RJ, Ryo UY, Jay M: Neutron-activated holmium-166-poly (L-lactic 
acid) microspheres: a potential agent for the internal radiation therapy 
of hepatic tumors. J Nucl Med 1 991 , 32(1 1 ):21 39-21 43. 

20. Vente MA, Nijsen JF, de Wit TC, Seppenwoolde JH, Krijger GC, Seevinck PR: 
Clinical effects of trans-catheter hepatic arterial embolization with 
holmium-166 poly(L-lactic acid) microspheres in healthy pigs. Eur J Nucl 
Med Mol Imaging 2008, 35(7):1 259-1 271 . 

21. Cohen S, Holloway RC, Matthews C, McFarlane AS: Distribution and 
elimination of 131 I and 14C-labelled plasma proteins in the rabbit. 
Biochem J 1 956, 62(1 ):1 43-1 54. 

22. Campbell RM, Cuthbertson DP, Matthews CM, Mcfarlane AS: Behaviour of 
14C- and 1311-labelled plasma proteins in the rat. Int J Appl Radiat Isot 
1956, 1(1-2):66-84. 

23. Liu YP, Li QS, Huang YR, Liu CX: Tissue distribution and excretion of 
1251-lidamycin in mice and rats. World J Gastroenterol 2005, 1 1(21)3281-3284. 

24. Wyszomirska A: lodine-1 31 for therapy of thyroid diseases. Physical and 
biological basis. Nucl Med Rev Cent East Eur 201 2, 1 5(2):1 20-1 23. 

25. Pant GS, Sharma SK, Bal CS, Kumar R, Rath GK: Radiation dose to family 
members of hyperthyroidism and thyroid cancer patients treated with 
1311. Radiat Prot Dosimetry 2006, 1 1 8(1 ):22-27. 

26. Barrington SF, O'Doherty MJ, Kettle AG, Thomson WH, Mountford PJ, Burrell DN: 
Radiation exposure of the families of outpatients treated with radioiodine 
(iodine-131) for hyperthyroidism. Eur J Nucl Med 1999, 26(7):686-692. 

27. Ma Y, Wan Y, Luo DH, Duan LG, Li L, Xia CQ: Direct in vivo injection of 
1 31 l-GMS and its distribution and excretion in rabbit. World J 
Gastroenterol 2010, 1 6(1 7):21 20-21 28. 

28. Ma Y, Li B, Li L, Duan LG, Wei YG, Chen XL: In vivo distribution of (131)1 
and (125)1 dual-labeled gelatin microspheres after implantation into 
rabbit liver. Cancer Biother Radiopharm 2012, 27(4):267-275. 

29. Feuer EJ, Wun LM, Boring CC, Flanders WD, Timmel MJ, Tong T: The 
lifetime risk of developing breast cancer. J Natl Cancer Inst 1993, 
85(1 1):892-897. 

30. Fisher B, Anderson S, Bryant J, Margolese RG, Deutsch M, Fisher ER: 
Twenty-year follow-up of a randomized trial comparing total mastectomy, 
lumpectomy, and lumpectomy plus irradiation for the treatment of 
invasive breast cancer. N Engl J Med 2002, 347(1 6):1 233-1 241 . 

31. Poggi MM, Danforth DN, Sciuto LC, Smith SL, Steinberg SM, Liewehr DJ: 
Eighteen-yearresults in the treatment of early breast carcinoma with 
mastectomy versus breast conservation therapy: the National Cancer 
Institute Randomized Trial. Cancer 2003, 98(4):697-702. 

32. Veronesi U, Cascinelli N, Mariani L, Greco M, Saccozzi R, Luini A: Twenty-year 
follow-up of a randomized study comparing breast-conserving surgery 
with radical mastectomy for early breast cancer. N Engl J Med 2002, 
347(1 6):1 227-1 232. 

33. Sarrazin D, Le MG, Arriagada R, Contesso G, Fontaine F, Spielmann M: 
Ten-year results of a randomized trial comparing a conservative 



treatment to mastectomy in early breast cancer. Radiother Oncol 
1989, 14(3):1 77-184. 

34. Clarke M, Collins R, Darby S, Davies C, Elphinstone P, Evans E: Effects of 
radiotherapy and of differences in the extent of surgery for early breast 
cancer on local recurrence and 15-year survival: an overview of the 
randomised trials. Lancet 2005, 366(9503):2087-2106. 

35. Vinh-Hung V, Verschraegen C: Breast-conserving surgery with or without 
radiotherapy: pooled-analysis for risks of ipsilateral breast tumor 
recurrence and mortality. J Natl Cancer Inst 2004, 96(2):1 15-121. 

36. Sanders ME, Scroggins T, Ampil FL, Li BD: Accelerated partial breast 
irradiation in early-stage breast cancer. J Clin Oncol 2007, 25(8):996-1 002. 

37. Antonucci JV, Wallace M, Goldstein NS, Kestin L, Chen P, Benitez P: Differences 
in patterns of failure in patients treated with accelerated partial breast 
irradiation versus whole-breast irradiation: a matched-pair analysis with 

1 0-year follow-up. Int J Radiat Oncol Biol Phys 2009, 74(2):447-452. 

38. Lin R, Tripuraneni P: Radiation therapy in early-stage invasive breast 
cancer. Indian J Surg Oncol 201 1 , 2(2):1 01-111. 

39. Njeh CF, Saunders MW, Langton CM: Accelerated Partial Breast Irradiation 
(APBI): A review of available techniques. Radiat Oncol 2010, 5:90. 

40. Polgar C, Fodor J, Major T, Nemeth G, Lovey K, Orosz Z: Breast-conserving 
treatment with partial or whole breast irradiation for low-risk invasive 
breast carcinoma-5-year results of a randomized trial. Int J Radiat Oncol 
Biol Phys 2007, 69(3):694-702. 

41. Johansson B, Karlsson L, Liljegren G, Hardell L, Persliden J: Pulsed dose rate 
brachytherapy as the sole adjuvant radiotherapy after breast-conserving 
surgery of T1-T2 breast cancer: first long time results from a clinical 
study. Radiother Oncol 2009, 90(1)30-35. 

42. Polgar C, Major T, Fodor J, Sulyok Z, Somogyi A, Lovey K: Accelerated 
partial-breast irradiation using high-dose-rate interstitial brachytherapy: 
12-year update of a prospective clinical study. Radiother Oncol 2010, 
94(3):274-279. 

43. Hafeli UO, Casillas S, Dietz DW, Pauer GJ, Rybicki LA, Conzone SD: Hepatic 
tumor radio-embolization in a rat model using radioactive rhenium 
(186Re/188Re) glass microspheres. Int J Radiat Oncol Biol Phys 1999, 
44(1 ):1 89-1 99. 

44. Liang HC, Chang WH, Lin KJ, Sung HW: Genipin-crosslinked gelatin 
microspheres as a drug carrier for intramuscular administration: in vitro 
and in vivo studies. J Biomed Mater Res A 2003, 65:271-282. 

45. Young S, Wong M, Tabata Y, Mikos AG: Gelatin as a delivery vehicle for 
the controlled release of bioactive molecules. J Control Release 2005, 
109:256-274. 

46. Gunji S, Obama K, Matsui M, Tabata Y, Sakai Y: A novel drug delivery 
system of intraperitoneal chemotherapy for peritoneal carcinomatosis 
using gelatin microspheres incorporating cisplatin. Surgery 2013, 
154(5):991-999. 

47. Nakase H, Okazaki K, Tabata Y, Ozeki M, Watanabe N, Ohana M, Uose S, 
Uchida K, Nishi T, Mastuura M, Tamaki H, Itoh T, Kawanami C, Chiba T: 
New cytokine delivery system using gelatin microspheres containing 
interleukin-10 for experimental inflammatory bowel disease. J Pharmacol 
Exp Ther 2002, 301:59-65. 

48. Li M, Liu X, Liu X, Ge B: Calcium phosphate cement with bmp-2-loaded 
gelatin microspheres enhances bone healing in Osteoporosis. Clin Orthop 
Relat Res 2010, 468(7):1 978-1 985. 

49. Bult W, Vente MA, Zonnenberg BA, Van Het Schip AD, Nijsen JF: 
Microsphere radioembolization of liver malignancies: current 
developments. Q J Nucl Med Mol Imaging 2009, 53(3)325-335. 

50. Leung TW, Lau WY, Ho SK, Ward SC, Chow JH, Chan MS: Radiation 
pneumonitis after selective internal radiation treatment with intraarterial 
90yttrium-microspheres for inoperable hepatic tumors. Int J Radiat Oncol 
Biol Phys 1995, 33(4):9 19-924. 



doi:1 0.1 1 86/1 748-71 7X-9-1 44 

Cite this article as: Li et al.: Interventional therapy for human breast 
cancer in nude mice with 131 l gelatin microspheres ( 131 l-GMSs) 
following intratumoral injection. Radiation Oncology 2014 9:144. 



